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ds.2013.0Abstract Purpose: This study evaluated the effect of different root canal sealers (eugenol- and
noneugenol-based) on the bond strength of prefabricated titanium ParaPosts luted with either zinc
phosphate or resin cements.
Materials and methods: One hundred and sixty-eight single rooted teeth were included in this study.
Teeth were distributed into seven groups (24 teeth each) according to type of root canal sealer used.
Root canals were prepared and obturated with gutta percha and using one of the seven root canal
sealers: AH26, Endoseal, Topseal, Sealapex, EndoREZ, Endoﬁl, or Tubli-seal. Prefabricated tita-
nium ParaPosts were luted with either zinc phosphate or RelyX ARC resin cements. The required
force for the dislodgment of posts from their prepared spaces was recorded using a universal testing
machine. Data were statistically analyzed using one- and two-way ANOVA, Tukey post hoc and the
Student’s t-test.
Results: Within the resin cement groups, the Endoﬁl and Tubli-seal (eugenol-based sealers) groups
had signiﬁcantly reduced bond strength compared with other groups (P< 0.05). Within the zinc
phosphate cement groups, there were no signiﬁcant differences between the post retention means
(P> 0.05). Comparing the two cements, there were signiﬁcant differences within the Sealapex,
Endoﬁl, and Tubli-seal groups (P< 0.05).
Conclusion: Endoﬁl and Tubli-seal (eugenol-based) reduced the bond strength of prefabricated
ParaPosts luted with RelyX ARC resin cement. The type of sealer used had less effect on the reten-
tion of posts that were luted with zinc phosphate cement than those luted with resin cement.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.ahoo.com.
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Numerous studies have investigated factors affecting post
retention, including post shape and design,3,28,33 the length
and diameter of the post,28 the type of luting agent,3,6,12,22,28
the cementation method,31 and the type of sealer used for canal
obturation.2,1,13,14,29ing Saud University. Open access under CC BY-NC-ND license.
66 K. AleisaSeveral investigators have studied both conventional and
resin cements that are used for post cementation.3,6,12,12,22,28
Conventional cements, including zinc phosphate, glass iono-
mer, and polycarboxylate cements, are commonly used as lut-
ing agents.28 Previous reports demonstrated superior post
retention when the posts are luted with resin cements rather
than conventional cements.3,22 Chan et al.11 investigated the
retention of prefabricated posts using different cements and ca-
nal widths. The results showed that posts cemented with Pana-
via EX resin exhibited signiﬁcantly higher bond strength than
those cemented with zinc phosphate or glass ionomer cements.
Similar ﬁndings were reported by Utter et al.,31 who concluded
that stainless steel ParaPosts cemented with Panavia EX resin
required more force to dislodge than those cemented with zinc
phosphate. By contrast, other researchers have found that,
compared to resin cements, conventional cements have in-
creased post retention.4,12,14 Schwartz et al.25 compared two
luting agents for the retention of ParaPost XT and found that
zinc phosphate had higher retention values than Panavia 21.
The type of sealers used in the obturation of root canals has
also been investigated. Root canal sealers are classiﬁed into
four groups: zinc oxide eugenol-based (ZOE), resin-based, cal-
cium hydroxide-based, and glass ionomers-based.15 Resin-
based sealers are preferred because of their good handling
properties and adequate adhesion to dentin.15,19,32 Calcium
hydroxide-based endodontic sealers have been shown to stim-
ulate a sterile biological closure of the apical region and heal-
ing of periapical lesions, which increases the chance of
treatment success.15,27 Glass ionomer sealers have the
advantage of bonding to dentin, which improves the seal and
is associated with good biocompatibility.15,19 Zinc oxide euge-
nol-based sealers have a long history of success and remain the
primary choice for endodontics.15,17
While it has been shown that the polymerization of resins
can be affected by the presence of eugenol,20,21,24 the effect
of eugenol-based root canal sealers on the retention of posts
luted with resin cements has been studied with conﬂicting re-
sults.1,7,8,9,14,18,30 Some studies have shown that eugenol-based
sealers can reduce post retention.2,4,14 Al Ali1 evaluated the ef-
fect of two eugenol-based sealers on the bond strength of pre-
fabricated ParaPosts luted with adhesive resin cement.
Eugenol-based sealers were shown to signiﬁcantly reduce the
bond strength of resin cemented posts.1 However, other studies
have found that post retention is not affected by the type of
root canal sealer.8,17,18 Burns et al.9 studied the retention of
posts luted with resin cement into root canals obturated with
gutta-percha and either an eugenol-based sealer or a calcium
hydroxide-based sealer; they concluded that the type of end-
odontic sealer did not affect the post retention.
There are many new types of root canal sealers, eugenol-
based and eugenol-free, that are currently available for clini-
cians. However, the effect of these materials on the retention
of cemented posts has not been thoroughly investigated. A lit-
erature review revealed no studies comparing the effects of the
four major classes of root canal sealers on the retention of
ParaPosts. Moreover, there is no study that evaluated the ef-
fect of glass ionomer sealers on the tensile bond strength of
posts luted with different cements. Therefore, the aims of this
study were to (1) evaluate the effect of seven root canal sealers
(both eugenol- and noneugenol-based) on the bond strength of
prefabricated titanium ParaPosts, (2) compare the effect of
two cements on post retention, and (3) study the inﬂuence ofa glass ionomer sealer on the retention of ParaPosts. The null
hypothesis was that there are no differences among the reten-
tion strengths of titanium ParaPosts in canals obturated using
different endodontic sealers and luted with two cements.2. Materials and methods
One hundred and sixty-eight single-rooted, extracted human
mandibular premolar teeth were selected for this study. The
teeth were subjected to radiographic examination, stored in
an antimicrobial preservative container (0.5% Chloramine-T,
Delchimica Scientiﬁc Glassware, Napoli, Italy) at 4 C, and
used within 6 weeks after extraction. The teeth were sectioned
2 mm coronal to the most incisal point of the cemento-enamel
junction with a low-speed diamond saw (Isomet 2000, Buehler
Ltd., Lake Bluff, NY) under copious water coolant. The root
canals were instrumented to a size 50 K-ﬁle (LD Caulk Divi-
sion, Dentsply International Inc, Milford, DE, USA). Peeso
reamers (Pulpdent Corporation, Watertown, MA, USA) were
successively used from numbers 1 through 5, at low speed and
to a depth of 8 mm. Post spaces were prepared with a number
6 parallel-sided ParaPost twist drill (ParaPost Black P-42,
Whaledent International, New York, NY) using slow-speed
handpiece. Post spaces had standard dimension of 1.5 mm
diameter and 8 mm depth. Irrigation during canal instrumen-
tation was accomplished using 3 mL of 5.25% sodium hypo-
chlorite (NaOCL). Finally, the root canals were ﬂushed with
3 mL of saline solution and dried with paper points.
After preparation, the teeth were randomly divided into se-
ven equal groups. Materials tested in this study were summa-
rized in Table 1. The root canals were obturated with
laterally condensed gutta-percha (Kerr/Sybron Corp., Romu-
lus, MI, USA) and one of the following seven root canal seal-
ers: AH26 (Dentsply DeTrey Gmbh, Konstanz, Germany), an
epoxy resin with no eugenol; Endoseal (Promedica, Neumu¨n-
ster, Germany), a water-soluble glass ionomer; Topseal
(Dentsply/Maillefer, Ballaigues, Switzerland), an epoxy resin
with no eugenol; Sealapex (Kerr Italia S.p.A., Salerno, Italy),
a calcium hydroxide-based sealer; EndoREZ (Ultradent,
South Jordan, Utah, USA), a resin-based sealer; Endoﬁl
(Promedica, Neumu¨nster, Germany), a sealer containing euge-
nol; or Tubli-Seal (Kerr Italia S.p.A., Salerno, Italy), a sealer
containing eugenol. A heated endodontic plugger (No. 911;
Moyco Union Broach, York, PA, USA) was used to vertically
condense the coronal gutta-percha and subsequently prepare a
3-mm coronal space for a provisional restoration. All obturat-
ed teeth were then temporized with Cavit (ESPE, Norristown,
PA, USA) and stored for 1 week in 100% relative humidity at
room temperature. A heated plugger was used to a depth of
8 mm to remove the gutta-percha from the canals. A number
6, parallel-sided, vented prefabricated titanium post (P-784–
6, ParaPost XP, Whaledent, New York, NY) was used. The
ParaPosts were ﬁtted passively in their respective canals before
luting. To maintain moistness, the teeth were held in a gauze
sponge that was soaked in saline throughout the root canal
therapy and post space preparations. The roots were gently
notched with a size 169 L high-speed carbide bur. Specimens
were then mounted into polyvinyl chloride (PVC) pipe using
an autopolymerizing resin (Ortho Resin, Dentsply DeTrey,
Konstanz, Germany). For mounting the specimens, a dental
surveyor (J.M. Ney Co., Bloomﬁeld, CT, USA) was used to
Table 1 Tested materials.
Material Brand Manufacturer Description
Dual-polymerized adhesive
resin cement
RelyX ARC 3 M-ESPE, St. Paul, MN, USA Bisphenol-A-diglycidylether dimethacrylate (BisGMA)
and triethylene glycol dimethacrylate (TEGDMA)
polymer
Zinc phosphate cement Kleio Lascod SpA, Florence, Italy Powder – zinc oxide liquid – buﬀered solution of
phosphoric acid
Prefabricated titanium post Parapost XP Parapost, Whaledent, New York,
NY
EP-784–6, #6 parallel-sided; titanium alloy post
Epoxy resin sealer with no
eugenol
AH26 silverfree Dentsply DeTrey Gmbh,
Konstanz, Germany
Powder: bismuth oxide, methenamine, resin: epoxy resin
Glass ionomer-based sealer Endoseal Promedica, Neumu¨nster,
Germany
Water-mixable polyalkenoate (ionomer) cement
contains CA-AL-F-silicate-glass, polyacrylic acid and
X-ray contrast medium




Topseal paste A: bisphenol-A epoxy resin, bisphenol-F
epoxy resin, calcium tungstate, zirconium oxide, Silica,
iron oxide pigments. Topseal paste B: dibenzyldiamine,
aminoadamantane, tricyclodecane-diamine, calcium
tungstate, zirconium oxide, silica, silicone oil
Calcium hydroxide-based sealer Sealapex Kerr Italia S.p.A., Salerno, Italy Catalyst: isobutyl salicylate resin, fumed silica (silicon
dioxide, bismuth trioxide, titanium dioxide pigment base
N-ethyl toluene sulfanamide resin, fumed silica (silicon
dioxide), zinc oxide, calcium oxide
Resin-based sealer EndoREZ Ultradent, South Jordan, Utah,
USA
A hydrophilic, methacrylate-based, self-priming canal
sealer contains urethane dimethacrylate (UDMA)




Powder: 99% zinc oxide, 1.0% hydrocortisone acetate
liquid: clove oil 100%
Zinc oxide eugenol root-canal
sealer
Tubli-seal Kerr Italia S.p.A., Salerno, Italy Base: mineral oil, barium sulfate, zinc oxide, lecithin,
cornstarch accelerator: dimeric acid resin and thymol
iodide
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able the subsequent post removal in a direction parallel to the
post’s long axis.
After canal irrigation with NaOCL and saline, root canals
were completely dried using absorbent paper points, the posts
were luted with one of two luting agents: zinc phosphate ce-
ment (Kleio, Lascod SpA, Italy), or dual-polymerized adhesive
resin cement (RelyX ARC, 3M, St. Paul, MN, USA). The ce-
ments were mixed according to the manufacturer’s instruc-
tions. For the resin cement, acid etching of the root canal
walls was performed with 37% phosphoric acid (Scotchbond,
3M ESPE, St. Paul, MN, USA) for 15 s, followed by thorough
rinsing using saline and drying with paper points. Two coats of
adhesive (Adper Single Bond Adhesive, 3M ESPE, St. Paul,
MN, USA) were applied into the root canal with an ultra thin
applicator (Microbrush X, Microbrush International, Grafton,
WI, USA) and air dried for 5 s. For both cements, a lentulo
spiral (Paste ﬁller, Sybron Kerr, Orange, CA, USA) in a
slow-speed handpiece was used to introduce the cement into
the canal space. The ParaPosts were coated with the cement
and inserted to the prepared depth of the canals with ﬁnger
pressure; excess cement was removed. In order to increase
the bonding effectiveness, a light activation of the resin cement
was performed using a halogen light-polymerizing unit
(Astralis 10; Ivoclar Vivadent, Schaan, Liechtenstein) at
750 mW/cm2 for 40 s; placed at 3 mm of the canal oriﬁce.
Teeth were stored in 100% relative humidity at room tem-
perature for 24 h before testing. Each tooth specimen was ver-
tically secured in a universal testing machine (Instron, Model
8500 Plus Dynamic Testing System, Instron Corp., HighWycombe, England). A customized, self-aligning testing
assembly was used.1,2,3 It includes a U-shaped stainless steel
rod with an opening at each end and a horizontal rod that
passed through a channel prepared through the lower part of
the PVC along with the openings of the U-shaped rod. The
upper jaw of the Instron testing machine clamped the post,
while the hook of the lower jaw holds the curved part of the
U-shaped rod. A tensile pull-out load was applied at a rate
of 0.5 mm/min until the post separated from the root.
Statistical analyses of the data were performed using
the statistical software package SPSS (v16.0, SPSS Corp.,
Chicago, IL, USA). A two-way analysis of variance (ANOVA)
was applied to the mean retention strengths of various combi-
nations of sealer and cement materials. When a signiﬁcant
cross-product interaction was found, a one-way ANOVA
was applied to the combinations. A Tukey post hoc compari-
son test was then performed to determine which groups were
signiﬁcantly different. Student’s t-test was also performed to
compare between the two cements and within each sealer.
All statistical analyses were performed at a 0.05 level of signif-
icance (a= 0.05).
3. Results
A summary of the mean bond strengths for all groups is given
in Table 2. The highest mean bond strength value was recorded
for the EndoREZ group luted with resin cement (mean =
24.3 MPa), while the lowest mean bond strength value was re-
corded for posts luted with resin cement into canals obturated
with gutta-percha and the Endoﬁl (eugenol-based) sealer
Table 3 Summary of two-way ANOVA of main factors (cement materials and different root canal sealers) and their interaction for
post retention.
Source Sum of square df Mean square F P
Cement 12810.054 1 12810.054 5.369 .022
Sealer 364448.00 6 60741.333 25.456 <.0001
Cement · sealer 221234.405 6 36872.401 15.453 <.0001
Error 367459.917 154 2386.103
Total 9537231 168






AH26 21.2 ± 3.7aA 23.9 ± 5.5aA
Endoseal 19.4 ± 2.7aA 20.1 ± 5.3aA
Topseal 20.8 ± 3.6aA 21.1 ± 3.8aA
Sealapex 17.4 ± 2aA 21.6 ± 4.7bA
EndoREZ 20.9 ± 3.2aA 24.3 ± 6.1aA
Endoﬁll 17.3 ± 2.7aA 5.2 ± 2.4cB
Tubli-seal 19.5 ± 4.5aA 10.4 ± 3.5cB
Mean values designated with the same superscript are not signiﬁcantly different (P> 0.05).
Uppercase letters compare means across sealer rows; lower case letters compare means along cement columns.
68 K. Aleisa(mean = 5.2 MPa). A two-way ANOVA revealed signiﬁcant
differences in the mean post bond strength between the two ce-
ment types (P= 0.022), and among the mean of the different
root canal sealers investigated (P < 0.0001) (Table 3). More-
over, a two-way ANOVA showed an interaction between ce-
ment type and root canal sealers (P< 0.0001) (Table 3). A
one-way ANOVA revealed that among resin cement types
there were statistically signiﬁcant differences in mean post
bond strength between the different types of sealers
(P< 0.0001).
Among the groups cemented with zinc phosphate, no statis-
tically signiﬁcant difference was found in the retentive strength
values. However, Endoﬁl and Tubli-Seal groups had signiﬁ-
cantly reduced retentive strength values from all other groups
(P< 0.0001), but Endoﬁl and Tubli-Seal were not signiﬁcantly
different from one another (P= 0.095). The Student’s t-test
showed signiﬁcant differences in post bond strength between
zinc phosphate and resin cements for the Sealapex, Endoﬁl,
and Tubli-Seal groups (P< 0.05). Posts luted with resin ce-
ment into canals obturated with gutta-percha and a calcium
hydroxide-based sealer (Sealapex) showed increased retention
compared to those luted with zinc phosphate cement
(P= 0.013). Moreover, there was no signiﬁcant difference in
means post bond strength between the two cements when
Endoseal was used (P= 0.678).4. Discussion
In this study, the preparations for post spaces were made be-
fore canal obturation,1,2,8 this was done to achieve better stan-
dardization of the specimens by having the same canal width
with a bonded surface area. In addition, this would representthe worst-case scenario of the effect of sealers on the retention
of cemented posts.2 By using a heated endodontic instrument,
the obturated materials were easily removed without addi-
tional removal from dentinal structures.2,8 To eliminate the
factor of tooth size differences, the teeth were selected to be
of a relatively uniform size. In addition, the root canals were
prepared using a large diameter and parallel ParaPost
drill.1,2,8,14 In this way, the post spaces were uniformly cylin-
drical throughout their length and had the same dimensions
(1.5 mm in diameter and 8 mm in length).1,2,8,14 Studies have
shown that surface roughening with air abrasion increases
the retention of cemented posts.6,23 However, in this investiga-
tion, following the manufacturer’s instructions, the surfaces of
the posts were not treated.
The results of this study led partially to the rejection of the
null hypothesis that there are no differences among the reten-
tion strengths of titanium ParaPosts obturated with different
endodontic sealers and luted with two cements.
The results of the present study showed that titanium Para-
Posts luted with adhesive resin cement in teeth obturated with
gutta-percha using eugenol-based sealers (Endoﬁl and Tubli-
seal) had signiﬁcantly reduced the tensile bond strengths.
The slow setting time of such sealers allows the diffusion of
eugenol through dentin tubules and surrounding tooth struc-
ture,30 which may retard the setting of resin cement used for
the subsequent luting of the posts.2,21,20,24 Allan et al.5 re-
ported that root canal sealers require more than 1 week to
completely set. The Tubli-seal sealer had a considerably longer
setting time: it was only partially set in the root canals after
1–3 weeks.5 The results of the present investigation are consis-
tent with other previous studies that evaluated the inﬂuence of
eugenol-based sealers on the bond strength of posts luted
with resin cement which showed less resistance to vertical
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using eugenol-free sealers, have signiﬁcantly higher post reten-
tion values.2,17,18 On the other hand, other studies demon-
strated that the type of root canal sealer has no effect on
post bond strength when luted with resin cement.8,9,25 It may
be said that the use of different resin cements and eugenol-
based sealers could thus lead to different results. However,
the tensile bond strength of posts luted with zinc phosphate ce-
ment is less likely to be affected by the type of sealer. In addi-
tion, within the zinc phosphate groups, there were no
signiﬁcant differences in post bond strength between euge-
nol-based and eugenol-free sealer groups. This observation is
in agreement with Schwartz et al.25 Moreover, posts luted with
zinc phosphate cement into canals with eugenol-based sealers
(Endoﬁl and Tubli-seal) exhibited signiﬁcantly greater bond
strength values than those luted with resin cement. These re-
sults indicate that the eugenol-based sealers used for root canal
obturation (Endoﬁl and Tubli-seal) did not interfere with zinc
phosphate cement; while at the same time may have altered the
polymerization of the resin cement.
Similar ﬁndings were reported by previous studies.4,14,25 Al-
fredo et al.4 found that zinc phosphate cement exhibited great-
er bond strength than the Enforce resin cement, and Dias
et al.14 reported higher bond strength for prefabricated posts
luted with zinc phosphate cement compared to Panavia F resin
cement. However, these ﬁndings conﬂict with the report of
Hagge et al.17 who found posts luted with Panavia 21 cement
showed higher retention than the group luted with zinc phos-
phate cement. In this study, the mean bond strength values
for the Endoﬁl sealer were comparable to those reported by
Dias et al.,14 who reported 50.1 N for resin cement and
211.2 N for zinc phosphate cement; in this study, the mean
bond strengths were 5.2 MPa (62 N) and 17.3 MPa (209 N)
for the resin and zinc phosphate cement, respectively.
The increased retention observed with a calcium hydroxide-
based sealer (Sealapex) may be attributable to the isobutyl
salicylate in Sealapex.10,13 Salicylate reacts with the calcium re-
leased by the dissolution of the Sealapex cement, which creates
a physiochemical barrier that may affect the zinc phosphate ce-
ment adhesion.10 Others have reported similar ﬁndings.9 In
this study, the mean bond strength values of adhesive resin ce-
ment (RelyX ARC) and the Sealapex sealer were greater than
the values reported by Burns et al.9 (192 ± 96 N). However,
these differences could be attributed to the use of different
brands of resin cement and shorter posts.9
Resin-based sealers (AH 26, Topseal and EndoREZ) are
compatible with resin cement and penetrate deeply into den-
tinal tubules.26 Therefore, resin-based sealer remnants in the
tubules may have increased the bond strength of the resin ce-
ment. EndoREZ exhibited greater bond strength values com-
pared with other sealers. EndoREZ is a urethane
dimethacrylate resin-based sealer, and its monomeric composi-
tion may be responsible for the increased adhesion to the resin
cement.16
The results of the present study showed that Paraposts ce-
mented with zinc phosphate cement in canals that are obturat-
ed with gutta-percha and eugenol-based sealers might be a
good choice of luting agents. Zinc phosphate cements are less
technique-sensitive and are easier to manipulate than resin ce-
ments.22,23,25,30,31 Clinicians should be cautious about per-
forming post space and using resin cementation for titanium
ParaPosts after ﬁlling the root canals with a ZOE sealer. Thenon-eugenol sealers showed higher bond strengths regardless
of the type of cement that was used.
The selection of root canal sealers was based on the avail-
able sealers in the market and represents the four main classi-
ﬁcations of sealers. The effect of a glass ionomer sealer on post
retention has not been previously investigated. Therefore,
comparing the results with other studies was not possible.
However, the glass ionomer sealer (Endoseal) did not nega-
tively affect the bond strength of ParaPost. There was no sig-
niﬁcant difference in the mean post retention when posts were
luted with zinc phosphate and resin cement in canals obturated
with a glass ionomer-based sealer.
This in vitro study has some limitations; conditions that
should be evaluated in future prospective studies are cyclic
loading and aging of the specimens in addition to the different
type of mechanical loading occurring on teeth restored with
post and core.
5. Conclusions
Within the limitations of this study, the following conclusions
can be drawn:
1. Eugenol-based sealers (Endoﬁl and Tubli-seal) reduced
signiﬁcantly the bond strength when prefabricated tita-
nium ParaPosts were luted with adhesive resin cement.
2. The type of sealer had less of an effect on the bond
strength of posts luted with zinc phosphate cement.
3. Posts luted with zinc phosphate cement into root canals
obturated with eugenol-based sealers exhibited a higher
bond strength than those luted with resin cement.
4. The glass ionomer-based sealer (Endoseal) had no neg-
ative effect on titanium ParaPosts luted with zinc phos-
phate or resin cement.Acknowledgments
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